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EFFECTS OF COMPRESSIBILITY AND LARGE ANGLES OP YAW 
ON PRESSURE INDICATED BY A TO TAL- PRE 3 3URE TUBE 
By Milton D. Humphreys 

SUMMARY . 


The effects cf compressibility and angle of yaw on 
the pressure measured by a round-nose and a flat-nose 
total -pressure tube have been investigated. The Lests 
were conducted in bhe Langley rectangular high-speed 
tunnel at Mach numbers from 0.3 to 0.° for angles of 
yaw from 0° to l 80 °. 

The results indicated that no error was Incurred 
in the measurement of total pressure by either tube for 
angles of yaw from 0° to 10° In the Mach number range 
Investigated. At constant Vach numbers, the round-nose 
tube had a linear variation of total -ore 3 sure error 
with angle of yaw at angles ranging from 5^° to 70 °. 

Unis characteristic Is desirable In yaw heads of the 
Y-type. Hie flat-nose tube had a nonlinear variation 
of total-pressure error with angle of yaw In this range. 


INTRODUCTION 


Available Information on the pressure measured by 
total-pressure tubes yawed with respect to the air stream 
was limited to small angles of yaw and low Mach numbers. 
An investigation has therefore been conducted to deter- 
mine the pressure measured by a total -pres sure tube for 
Mach numbers from 0.3 to 0.9 over the angle-of-yaw range 
from 0° to l80°. Two types of total-pressure tube were 
tested, a round nose and a flat nose. The information 
obtained In this report should facilitate analysis of 
flow-direction measurements and other aerodynamic 
properties . 
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APPARATUS AND METHODS 


The tests were made in the Langley rectangular 
bish-3Deed tunnel, which is an induction- type tunnel 
having e 4- "by lo-inch test section. Atmospheric air 
is induced to flow through the tunnel hy an induction 
nozzle located downstream from the test section. 

Exceot for a small loss of pressure resulting from the 
rassago of air through the screens at the tunnel entrance, 
the total nressure at the test section is approximately 
equal to atmospheric pressure. This wind tunnel is 
basically similar to the ’I.A.C.A. high-speed wind tunnel 
described in reference 1. 


The round-nose and the flat-nose total -pros sure 
tubes used in this investigation were made of brass 
tubing having an outside diameter of 0.125 inch and 
walls 0.025lj- inch thick. Th.9 tubes were constructed 
in the form of an L with a head 1 inch long at an 
angle of 90° to the supporting swindle (fig. 1). 


The total-pressure tube was mounted, in the center 
of the test section with the supporting spindle normal 
to the tunnel wall and passing out through a hole of 


approximately —-inch diameter drilled in the wall. The 

8 

head o p the tube could be rotated about the spindle 
axis through the angle-of-yaw range and could be locked 
in any desired position. 


S XM30LS 


H total pressure measured above absolute zero with 
air at rest 

IP pressure indicated by total-ores sure tube 

M free -stream Mach number 

Mach number at nose of tube computed on as sump- 
tions that flow 1 s adiabatic and that IP equals 
static pressure at nose of tube 

p Q free-stream static pressure 
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q free-stream dynamic pressure 

p density, slugs per cubio foot 
V velocity of mean free stream, feet per .second 
\|/ angle of yaw of Instrument head 

PRECISION 



It is believed that practically all the errors to 
which the quantities measured in this investigation are 
subject are of an accidental nature. The variation in 
Mach number in the test section parallel and normal to 
the tunnel axis Is insignificant for these tests. Tunnel 
constriction effects should be negligible because of 
the small size of the total-pressure tube relative to 
the tunnel size. Air-flow misalinement and the error 

,1° 

in aline men t of the total -pres sure tube are within ijj- . 

The free-stream static pressure and the error in 
total measure as indicated by the to tal- pros sure tubes 
were measured by visual observation of liquid-filled 
manometers. Liquids of different densities were used 
in the manometers for various ranges of pressure dif- 
ferences to insure large rises of the liquid and thereby 
minimize the errors In readings. An indication of the 
magnitude of the accidental error Involved in these 
data Is given in figures 2(a) and 2(b), each of which 
shows the scatter for two tests with the total-pressure 
tube at an angle of yaw of 65 °. Check points are indi- 
cated by flagged symbols. 

3he data presented have been corrected for the 
total-pressure loss resulting from the passage of the 
air through the screens at the tunnel entrance. T^e 
amount of this loss was determined by measurements 
made in the test section and in the low-speed region 
ahead of the entrance cone and was checked by computa- 
tions of the pressure loss through screens. 


RESULTS AND DISCUSSION 


The variation of total -pres sure error, in terms of 
total pressure, with Mach number for the round-nose and 
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for the flat-nose tubes Is shown In figures 2(a) and 2(b), 
respectively. At constant angles of yaw of 20° or 
greater, the total-uressure error increased with 
increasing Mach number . The rate of change of the error 
with Mach number increased as the angle of yaw was 
increased from 20° to approximately SO 0 , where the rate 
of change of the error was at a maximum. At angles of 
yaw from 90 ° to l8o°, the slopes decreased with increasing 
angle of yaw. 

The variation In che total-pressure error with Mach 
number became increasingly irregular in the fr90-strsam 
Mach number range from 0.7 to 0.3 for angles of yaw 
between 110° and 150 0 (figs. 2(a) and 2(b)). If the 
flow is assumed to be adiabatic and the pressure 
measured bf the tube H’ i3 assumed to correspond to 
the static ores sure of the flow in the vicinity of the 
opening in the nose of tbe tube for those conditions, 
the local Mach number M x can be computed. The value 

of --Q for a Mach number of l.C would be C.I4.72. 

H 

It can be seen that the irregularities in the curves 

F - H' , 

occur near a valuo of of 0.ii72 and are oossiblv 

H 

due to the formation or movement of shock. 

The variation of total-ore s sure error, in terms 
of free-stream dynamic pressure, .vith Mach number is 
shown in figure 3* For angles of yaw greater than 20°, 
the total-nressure error had a small, nonlinear variation 
with Mach number. Thio variation became irregular at 
the higher angles of yaw and the most pronounced direc- 
tional changes occurred near 90°. No error was incurred 
in the measurement of total pressure by either the round- 
nose or the flat-nose tube over the Mach number range 
extending from 0.3 to 0.? for an angle-of-yaw range 
from 0° to 10° (figs. 2 and 3)* 

The variation of the tntal-nr&ssure error, in 
terms of total nressure, with angle of yaw is presented 
in figure ij. fer several Mach numbers. The curves were 
obtained by crcss-olotting the data presented in fig- 
ure 2. Tb.9 results show that the tot^l-pressure error 
Increased with increasing the angle of yaw from 20° to 
aDproxLraately 87 ° and then decreased as the angle of yaw 
was increased to l30°. 

At an angle of yaw of lo0°, the pressure measured 
at the nose of each total -pres sure tube was approximately 



NACA RB No. L5C30 


5 


the same for equal Mach numbers and was below free- 
stream static pressure p 0 at all speeds. The relation 
given by ' 



for either tube at an Inclination of l 80 ° to the air 

, E - p Q 

stream Is correct within 12 nercent of — «-= — * over 

M 

the Mach number range Investigated. This agreement 
presents a poscible method of determining static pres- 
sure by means of a simple instrument that may be useful 
In come installations. 

The variation in the total-oreasure error, in terms 
of tie stream dynamic nrossure, as a function of angle 
of yaw for constant Mach numbers La shown in figure 5» 
a cross plot of the data In figure 3. Whereas the flat- 
nose tube had a nonlinear variation of cotal-pre3sure 
error .with angle of yuw ovex* an angular range from 
50° to 79° for constant Mach nn^l-e^s, the round-nose tube 
had a linear change - an Indication that the rcund-noso 
tube would be desirable for use in yaw heads of the 
V-tyne. A Y-t 7 /na yaw jif'td using round-nose tubes at 
an included angle of 120° should ji vs j, linear variation 
In calibration factor over an angular range of ti0°. 

In order to give an indication of possible effect 
of ccm-oressibility on the calibration factor of a yaw 
head, the slopes of the curves of figure 5(*) are shown 
in figure 6 for angles of yav; between 5°° and 70°. Thl3 
curTO indicates a sxuall effect of compressibility on 
the calibration of a yaw head having round-nose tubes 
If the yaw head support is assumed to have negligible 
influence . 


CONCLUSIONS 


Tests made to determine the effects cf compressibility 
and angle of yaw on the pressure measured b;f a round- 
nose and a flat-nose total-pressure tube Indicated that: 

1. Total-pressure tubes of the type tested In this 
investigation would give true total pressure for angles 
of yaw of 0° to 10° for Mach numbers from 0.3 to 0 . 9 . 
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2. At constant Mach numbers, the round -nose tube 
had a linear variation of total -pres sure error fllth 
angle of yaw at angles ranging from 50° to 'JO 0 . The 
flat-nose tube had a nonlinear variation of the total - 
ores sure error with angle of yaw in this range. The 
round-nose tubes set at an incliided angle of 120° should 
therefore be desirable for use us components of a Y-type 
yaw head. lids yaw head should give a linear variation 
in calibration factor over an angular runge of ±10°. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langloy Flsld, Va. 
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Fig. 1 



Enla rj ed view of nose 
(a) Round nose . 



En ! orcj ed view of nose 


(b) Flat nose. 
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Total -pressure error, 
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(a) Round nose. Rlach number, M 

Figure 2 —Variation of total -pressure error in terms of total pressure 
uuith Mach number for constant angle of gotu. 
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Total- pressure error , 



(a) Round nose. 

Figure 3 . - Variation of total-pressure error in terms of dynamic 
pressure uuith Mach number at constant angle of yauu. 


Fig. 3a NACA RB No. L5C30 



Total -pressure error , 


2.8 


2.4 


N. 



Mach number, P4. 


(b) Flat nose. 
Figure 25.~ Concluded . 


Fig. 3b 
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Angle of yauu, Y- deg 
(a) Round nose. 

Figure 4 -Variation of total-pressure error in terms of total pressure 
cuith angle of yauu at constant Mach number. 
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(b) Flat. nose. 
F/gure 4r Concluded. 


Fig. 4b 
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(a) Round nose. ^ ° f ^ 

Figure 5 - Variation of total- pressure error in terms of 
dynamic pressure uuith angle of uauu at constant Flach 

number. 
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Flach number, M 


Figure 6.- Fa nation uuith Flach number of the rate of change of 
total- pressure error uuith angle ofuauu for the round-nose tube . 5o°< y< 7 o 




